Abstract. Current study outlines the effects of employing a Y-shaped cavity on the construcal design of a conducting wall. The trapezoidal body has a wide variety of industrial implications especially in micro-electronic devices. By manipulating the geometric aspect ratios of the cavity and the wall and by fixing the total volume occupied by the solid and the cavity, the optimization process is handled. The purpose of this paper is minimizing the peak temperature by following the optimization procedure. The numerical simulation results obtained by finite element method reveals that thermal performance of Y-shaped cavity, compared with rectangular shaped cavity has more superieties.
INTRODUCTION
One issue that recently has attracted the attention of researchers are constructal design of the open "Cavities". Open cavities are the regions formed between adjacent fins and stand for the essential promoters of boiling or condensation: see, for example, the Vapotron effect ) that occurs as a consequence of the thermal interaction between a non-isothermal finned surface and a fluid locally subjected to a transient change of phase. In the category of thermal design, Rocha et al. (2005) proposed constructal design of a rectangular cavity intruding into a conducting trapezoidal solid with uniform internal heat generation for the first time. They optimized the trapezoidal body and the rectangular cavity geometric aspect ratios in order to achieve the maximum thermal performance namely the minimum overall thermal resistance between the volume of the entire system (cavity and solid) and the surroundings. Later, Rocha et al. (2010) studied four shapes of cavity: rectangular, elliptical, triangular and a T-shaped cavity penetrated into a rectangular, solid, conducting wall with uniform internal heat generation. They demonstrated that the rectangular cavity performs better than the elliptical and triangular ones. C-shaped and H-shaped cavities were proposed by Biserni et al. (2001) . They proved that the performance of the H-shaped cavity is better than Cshaped, T-shaped and rectangular cavities. Lorenzini and Biserni (2006) optimized the geometry of a Yshaped cavity embedded into a solid conducting wall. The performance of the Y-shaped intrusion proved to be superior to that of other basic geometries such as T-shaped and C-shaped cavities. Lorenzini and Rocha (2009) focused on a T-Yshaped cavity in a rectangular wall with uniform heat generation on the solid wall. Later, Lorenzini et al. (2012) considered the geometrical optimization of a complex cavity, namely a T-Y-shaped cavity with two additional lateral intrusions into a solid conducting wall and demonstrated that the new complex cavity is superior to the basic T-Y-shaped cavity. To conduct an extended investigation, Rocha et al. (2007) considered the case where heat transfer on the internal surface of a C-shaped cavity was accounted for by a constant heat transfer coefficient unlike, that assumed isothermal cavities. Xie et al. (2010) determined the optimal aspect ratios of a T-shaped cavity intruded into a trapezoidal solid wall with uniform heat generation by applying constructal theory.
Although several works have been devoted to design the optimal shapes and structures of cavities intruding to the solid heat generating bodies, a few works among them have so far focused on the trapezoidal solids. Since trapezoidal heat generating solids can be assembled into "round" constructs such as hexagons, with which one can cover an entire 2D domain, it is noteworthy to study the design of cavities with different shapes intruding to a trapezoidal heat generating solid to fill the present gap in the field.
In this paper, a Y-shaped cavity intruding to a trapezoidal heat generating solid is studied. Optimization procedure consists of two steps; at the first step, optimal geometric aspect ratios of the trapezoidal solid and the cavities with a given shape is determined. The optimization objective is to minimize the overall thermal resistance between the volume of the entire system (cavity and solid) and the surroundings. In the next step, the optimized cavity for the studied shape is compared with rectangular one so that the superior shape can be revealed. The described optimization procedure is carried out by using a finite elements approach of MATLAB PDE Toolbox to numerically calculate the temperature fields in the fin. 
PROBLEM DEFINITION AND MATHEMATICAL FORMULATION
Consider two-dimensional conducting body intruded by Y-shaped cavity as sketched in Fig. 1 . The total volume occupied by the entire body (cavity and solid) is fixed, and given by
(1) Where, H and H e are the two heights of the trapezoidal conducting solid, L is the length of the body, and W is the thickness of the body, which is perpendicular to the plane of Fig. 1 can also be considered fixed. The cavities volume is fixed as well. The described area/volume constraints are expressed by the relations,
Where,  represents the volume fraction occupied by the cavity. The solid is assumed isotropic with constant thermal conductivity k, and generates heat uniformly at the volumetric rate q''' [W/m3] . The outer surfaces of the heat generating body are perfectly insulated. The generated heat flow per unit length (q'''A) is removed by cooling the wall of the cavity. Due to the solid conduction resistance, temperature level in the solid rise to levels higher than T min such that the highest temperatures (the hot spots) are registered at points on the insulated perimeter, for example, in the two corners labeled by T max in Fig. 1 . The hot spot's temperature of the solid may exceed the allowable temperature level. Knowing that, the performance of equipment has a direct relationship with its temperature, it is important to keep it at an acceptable temperature level. This is synonymous to make T max a constraint. Therefore, the design objective 
SOLUTION
The governing partial differential Eq. (3), is solved numerically using the finite elements analysis of partial-differential-equations (PDE) toolbox of embedded in MATLAB [10] . As is customarily done, the appropriate mesh size is determined by means of successive refinements, until the strongest convergence corresponds to the hot spot temperature calculated using the next mesh size where the number of elements is increased by a fourfold factor. The optimization results are calculated by using a range between 10,000 and 45,000 triangular elements. For the verification of the present numerical work, the numerical results obtained using our code in MATLAB PDE are compared with those obtained by FIDAP package, in Table 1 
RESULTS AND DISCUSSIONS
The effect of the geometric aspect ratios of a trapezoidal heat generating solid, H/L and H e /H on the hot spot temperature, is depicted in Fig. 2 , for the Yshaped cavity, when the aspect ratio of the cavity is fixed, H 0 /L 0 =1. It can be observed that there is an optimal H/L, which minimizes the hot spot temperature,
, T max at several values of H e /H. Figure  ( 2) also shows that there is an alternative opportunity of optimization with respect to He/H. Therefore, the results shown in Fig. 2 
CONCLUSIONS
In the present study, Constructal theory is applied to optimize the configuration a trapezoidal solid conducting wall intruded by an isothermal cavity. A Y-Shaped intruding to a trapezoidal heat generating solid is studied. In the most fundamental sense, the maximum dimensionless excess temperature is minimized with respect to three degrees of freedom, two aspect ratios of the trapezoidal solid and aspect ratio of the cavity, under the constraints that the volumes of the total body and the cavity are fixed. In the optimization process, the finite element method is employed and the degrees of freedom are relaxed one by one. The numerical results prove that there are optimal geometric aspect ratios for the external shape 
